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EDITORIAL
BMP receptors in kidney
In 1965, Marshall Urist demonstrated that acid-decal- mRNA transcripts decline in abundance. Intravenous
cified bone matrix protein could induce structurally nor- administration of recombinant mature BMP-7 to rats
mal bone in an ectopic location, such as skin or muscle subjected to ischemia-reperfusion injury is associated
[1]. This assay was subsequently exploited by others to with reduced severity of acute renal failure [8]. Another
identify the peptide fragments responsible for this activ- BMP, BMP-2, antagonizes PDGF-stimulated prolifera-
ity, and ultimately to clone the genes encoding these tion of cultured mesangial cells [9]. The physiologic role
proteins. The BMP family continues to expand and now of BMPs in the adult kidney remains unknown and is a
comprises BMP-1–15. All of the BMPs, with the excep- fruitful area of investigation. Possible functions include
tion of BMP-1, share the highly conserved 7 cysteine knot maintaining epithelial differentiation, modulating the pro-
characteristic of members of the transforming growth liferation or differentiation of a putative epithelial stem
factor-b (TGF-b) gene superfamily. BMPs are produced cell, regulating endothelial function, and promoting bone
as latent precursor molecules that undergo proteolytic mineral homeostasis, perhaps by maintaining circulating
cleavage, and the mature molecules are homodimers. levels of BMP-7.
BMP activity is antagonized by molecules such as noggin, Like other TGF-b superfamily members, BMPs exert
follistatin, and members of the DAN family, including their effects via two sets of serine-threonine kinase re-
gremlin (the last was recently shown to be induced in ceptors: a type II receptor, which binds ligand, and a
mesangial cells cultured in high glucose medium [2]). type I receptor, which is recruited to the complex and
Multiple BMPs have been identified in kidney, includ- transduces the signal. BMP receptors (BMPR) identified
ing BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, and BMP-7. to date include the type I receptors activin receptor-
BMP-7 was named osteogenic protein-1 (OP-1) at the like kinase-2 (ALK2, also known as activin receptor-I
time of its original discovery and both names remain in [ActRI] and Tsk7L), ALK3 (also known as BMPR-IA
use. BMP-7 is the most abundant BMP in fetal and adult and BRK1), and ALK6 (also known as BMPR-IB and
mammalian kidney, and conversely, kidney is the most BRK2) and the type II receptors BMPR-II, ActRII, and
abundant site of BMP-7 production. BMP-7 is expressed ActRIIB. BMP-7 activates all these receptors, whereas
both by the ureteric bud and by the induced mesenchyme BMP-2 and BMP-4 activate all but ALK2. As with other
(but not the uninduced mesenchyme) and its derivatives. TGF-b receptors, the type I BMP receptors bind and phos-
BMP-7 is required for normal kidney development, as phorylate Smad proteins (the name derives from a con-
demonstrated by arrested kidney development in BMP-7 traction of Caenorhabditis elegans Sma and Drosophila
null mice [3, 4]. It has been proposed that BMP-7 may act Mad proteins), specifically Smad1 and Smad5. In some
as an inducing factor, delivering a signal from the ureteric cases, BMPs have opposing effects, such as BMP-2 sup-
bud to trigger differentiation of the nephrogenic mesen- pressing and BMP-7 stimulating branching morphogene-
chyme [5]. More recent data suggest that rather than a sis in murine inner medullary collecting duct cells [10].
differentiation factor, BMP-7 acts as a survival factor for These opposing effects were found to be due to BMP-2
undifferentiated mesenchyme, opposing apoptotic signals. binding to ALK3 while BMP-7 bound an unidentified
In concert with other factors, including basic fibroblast 80 kD receptor.
growth factor (FGF-2), this expands the mesenchymal In the current issue of Kidney International, Bosu-
cell population and ensures that the cells are competent konda and colleagues reported that injected 125I-labeled
to respond to ultimate inductive signal [6]. BMP-7 in rats is found within glomeruli, proximal convo-
BMP-7 is expressed in the adult kidney, particularly luted tubules, and medullary collecting tubules [11]. In
in the collecting tubules of medulla, but also by visceral situ hybridization using a BMPR-II riboprobe demon-
glomerular epithelial cells, the urothelium of renal pelvis, strated a similar localization of BMP-7 mRNA. Anti-
and renal artery adventitia [7]. Following ischemia-reper- serum raised against a peptide derived from the extra-
fusion injury, cortical and particularly medullary BMP-7 cellular domain of BMPR-II localized the receptor to
glomeruli and proximal tubules. Using ligand blotting
of a plasma membrane-enriched rat kidney membraneKey words: bone morphogenetic protein, injury, TGF-b gene super-
family, acute renal failure. preparation, the authors showed that BMP-7 binds to a
100 kD molecule, which is the appropriate size forÓ 2000 by the International Society of Nephrology
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